Eur paisches 
Pat ntamt 



Europ an 
Pat ntOffic 



Offic ur p' n 
des br v ts 



Anmeldung Nr: 

Application no.: 02255483.6 
Demande no: 



Anmeldetag: 
Date of filing: 
Date de de*pot: 



06.08.02 



Anmel der/Appl i can t( s )/Demandeur ( s ) : 

STMicroelectronics Limited 

Planar House, 

Parkway, 

Globe Park 

Mar low, 

Buckinghamshire SL7 1YL 
GRANDE BRETAGNE 



Bezeichnung der Erf indung/Ti tl e of the i nvention/Ti tre de 1' invention: 
(Falls die Bezeichnung der Erfindung nicht angegeben ist, siehe Beschrei bung. 
If no title is shown please refer to the description. 
Si aucun titre n'est indique" se referer a la description.) 

Current Source 



In Anspruch genommene Prioriat(en) / Priori ty( ies) claimed /Priori t£(s) 
revendiqu£e(s) 

Staat/Tag/Aktenzeichen/State/Date/Fi le no. /Pays/Da te/Nume>o de d£p6t: 



Internationale Patentklassif i kati on/International Patent Classification/ 
Classification i nternational e des brevets: 



Am Anmeldetag benannte Vertragstaaten/Contracti ng states designated at date of 
filing/Etats contractants designees lors du depot: 

AT BE BG CH CY CZ DE DK EE ES FI FR GB GR IE IT LI LU MC NL PT SE SK TR 



G05F/ 



02255483.6 
EPA/EPO/OEB Form 1014.2 - 01.2000 



2 



7001014 



I 

i 

i 

f 

! 

! 

< 
I 

i 

i 
> 

f\ 

i 

t 

¥ 

i 

j 




1 

CURRENT SOURCE 

The present invention relates to a current source, and particularly but not 
exclusively to a current source adapted to generate a current proportional to 
absolute temperature (PTAT). 

PTAT current sources are used widely as biased current generators in integrated 
circuits. A simple implementation of such a source is shown in Figure 1 . The 
circuit in Figure 1 has first and second branches connected between supply Vdd 
and ground GND rails. The first branch comprises a resistor Re1, a first bipolar 
transistor Q1 with its base tied to its collector, a second bipolar transistor Q3 and 
a resistor R. The second branch includes a third resistor Re2, a third bipolar 
transistor Q2 with its base connected to the base of the bipolar transistor in the 
first branch, and a fourth bipolar transistor Q4 with its base connected to its 
collector and its base connected to its corresponding bipolar transistor in the first 
branch. Thus, the first and third transistors are connected in a current mirror 
configuration, as are the second and fourth transistors. An output transistor Q 0 
has its base connected to the bases of the first and third transistors Q1 ,Q2 and its 
emitter connected via a resistor ReO to the upper supply rail Vdd. The output 
current lout is the collector current of the output transistor Qo which is supplied to 
the load driven by the current source. The emitter of the second bipolar transistor 
in the second branch is connected to the lower supply rail GND. In that circuit, 
assuming that the area of the bipolar transistor Q3 is n times the area of the 
bipolar transistor Q4, then it can be shown that the output current lout is given by: 

lout = Vt In n 
R 

where V T is the thermal voltage (KT/q) and In is the natural log. Hence the output 
current lout is proportional to the thermal voltage V T , which is proportional to 
absolute temperature T. One drawback of the circuit of Figure 1 is that the value 
of the output current lout increases with the supply voltage Vdd because of the 



2 

early effect of the bipolar transistors. This variation of the output current with 
supply voltage can be reduced using various cascode configurations. However, 
the use of a cascode configuration is that it restricts the minimum operating 
voltage. In particular, with existing technologies it is not possible to use a 
cascoded PTAT current generator down to supply voltages as low as 1.2 V. 

One example of a cascaded PTAT generator is shown in Figure 2. In Figure 2, 
the mirror connected bipolar transistors QC1 and QC2 form a cascode for 
transistors Q1 and Q2. Since the transistors Q1 and QC1 both have a voltage 
drop of around 0.6 V, it is clear that it is now not possible for the circuit to operate 
at 1.2 V. In fact, the minimum voltage is around 1.6 V. In Figure 2, the output 
transistor Q 0 is not shown. 

It is an aim of the present invention to provide a current source which can operate 
at lower supply voltages and in which the output current has a decreased 
dependence on temperature. 

According to one aspect of the present invention there is provided a current 
source adapted to produce an output current comprising: first and second circuit 
branches connected between first and second reference voltages, the first branch 
including a branch resistor connected at a junction node to a compensation 
resistor which is connected to the second reference voltage; and a start-up circuit 
connected to generate a start-up current at the junction node whereby the voltage 
across the compensation resistor increases with the first reference voltage and 
acts to reduce changes in the output current with the first reference voltage. 

Preferably each circuit branch comprises series connected bipolar transistors. 
The first transistor in the first branch and the first transistor in the second branch 
are connected together in a current mirror configuration. Likewise, the second 
transistor in the first branch and the second transistor in the second branch are 
connected together in a current mirror configuration. 
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The circuit can comprise an output transistor whose base is connected to the 
bases of the first transistors, and the collector current of which provides the 
output current. 

For a better understanding of the present invention and to show how the same 
may be carried into effect, reference will now be made by way of example to the 
accompanying drawings, in which:- 

Figure 1 illustrates a simple implementation of a current source; 
Figure 2 illustrates a cascoded version of the circuit of Figure 1 ; 
Figure 3 illustrates the circuit of Figure 2 with associated start-up circuitry; 

and 

Figure 4 illustrates a circuit in accordance with an embodiment of the 
invention. 

Figure 3 illustrates a cascoded current source circuit with start-up circuitry. The 
current source circuit itself is as illustrated in Figure 2 and described above. In 
addition, Figure 3 illustrates start-up circuitry in the form of mirrored bipolar 
transistors QS1 and QS2 and a switch transistor Qs. The mirror transistor QS1 
has its emitter connected to the upper supply rail Vdd, and its collector connected 
through a start-up resistor Rs to ground GND and also to its base. The base of 
the first mirror transistor QS1 is connected to the base of the second mirror 
transistor QS2 which has its emitter connected to the upper supply rail Vdd and 
its collector connected to the collector of the transistor Q2 in the second branch of 
the current source. The switch transistor Qs has its emitter connected to the 
upper supply rail Vdd, its collector connected to the tied bases of the mirror 
transistors QS1, QS2 and its own base connected to the collector of the transistor 
Ql in the first branch. A start-up current l s is created by the first mirror transistor 
QS1 and the resistor Rs. It is mirrored into the second mirror transistor QS2 and 
thus injected into the current source circuit at the collector of the transistor Q2. 
Once that circuit has started, the start-up current which was injected into the 
collector of the transistor Q2 is mirrored into the collector of the transistor Q1 and 
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thus drives the base of the switch transistor Qs to turn off the start-up circuit. 
Note that the output transistor Qo is not shown in Figure 3. 

As already explained above, the current source circuit illustrated in Figure 3 
cannot operate much below a supply voltage Vdd about 1.6 V. An alternative 
circuit configuration which can operate at lower supply voltages is illustrated in 
Figure 4. In Figure 4, like numerals designate like components as in the 
preceding figures. The circuit of Figure 4 differs from that of Figure 3 in that there 
is no cascode stage and in that there is an additional compensation resistor Rc 
connected between the branch resistor R and the lower supply rail GND. In 
addition, the start-up resistor Rs is connected between the start-up transistor QS1 
and a connection node 8 between the branch resistor R and the compensation 
resistor Rc. This has the effect that a compensation current Ic flows in the 
compensation resistor Rc, generating a voltage Vc across the compensation 
resistor Rc. This actively created voltage reduces the base-emitter voltage of the 
third transistor Q3. This has the effect of reducing the collector current at Q3, 
which affects the magnitude of the output current lout. In effect, the actively 
created voltage across the resistor Rc serves to feed back to the voltage at the 
emitter of the third transistor Q3, reducing it by a value which is determinable by 
the value of the compensation current Ic and the value of the compensation 
resistor Rc. 

This has the effect that the output current Tout of the current source circuit of 
Figure 4 is given by: 

rout= (VT In n) - V £ 
R 

Note that the current l s continues to flow after start-up. 

This alters the relationship between the output current lout and the supply voltage 
Vdd. In the circuit of Figure 3, when the supply voltage increases, the output 



5 



current lout aiso increases. However, in the circuit of Figure 4, as the supply 
voltage Vdd increases, the current through the start-up resistor Rs will increase 
and so the current through the compensation resistor Rc will increase. As this 
happens, the voltage Vc taken across the compensation resistor Rc increases, 
thus reducing the emitter voltage of Q3 and thus the output current. By selecting 
the appropriate values for the branch resistor R and the compensation resistor 
Rc, the change in output current with supply voltage can be significantly reduced. 
It has been found that by appropriately selecting resistor values for resistors Re1 
and Re2, in conjunction with appropriately selected resistor values R and Rc, the 
variation in output current with supply voltage can be reduced to less than 2% 
with a variation in supply voltage Vdd between 1 V and 10 V. This compares very 
favourably with a 47% increase in the output current lout without the described 
compensation technique. 
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CLAIMS: 

1 . A current source adapted to produce an output current comprising: 

first and second circuit branches connected between first and second 
reference voltages, the first branch including a branch resistor connected at a 
junction node to a compensation resistor which is connected to the second 
reference voltage; and 

a start-up circuit connected to generate a start-up current at the junction 
node whereby the voltage across the compensation resistor increases with the 
first reference voltage and acts to reduce changes in the output current with the 
first reference voltage. 

2. A current source according to claim 1, wherein the first circuit branch 
comprises first and second series-connected bipolar transistors, the base of the 
first transistor being connected to its collector. 

3. A current source according to claim 2, wherein the second circuit branch 
comprises third and fourth series-connected bipolar transistors, the third bipolar 
transistor being connected as a current mirror with the first bipolar transistor and 
the fourth bipolar transistor being connected as a current mirror with the second 
bipolar transistor. 

4. A current source according to claim 2 or 3, which comprises an output 
transistor having its base connected to the base of the first transistor, the collector 
current of the output transistor constituting the output current. 

5. A current source according to claim 2, 3 or 4, wherein the branch resistor is 
connected between the junction node and the emitter of the second transistor. 

6. A current source according to any preceding claim, wherein the start-up 
circuit comprises a pair of start-up transistors connected in a current mirror 
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configuration and a start-up resistor connected between the collector of one of 
said start-up transistors and said junction node. 

7. A current source according to claim 3, wherein the area of the second 
transistor is larger than the area of the fourth transistor. 
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ABSTRACT 

CURRENT SOURCE 

This invention relates to a current source adapted to generate a current 
proportional to absolute temperature which has a greatly reduced supply voltage 
dependence and is still able to operate at low operating voltages. This is 
achieved by the incorporation of a compensation resistor through which the start- 
up current is passed. 



